An original procedure for initial rate accurate determination of enzyme activity under high hydrostatic pressure is reported. This method, adapted to most kinds of enzyme systems, is based on the use of the linear property of product formation during the initial phase of a reaction and does not require specific high pressure equipment. The reliability of the method was tested and illustrated with the study of Aspergillus niger fructosyl-transferase activity as a function of substrate concentration above 300 MPa.
Introduction
It has recently been proposed that high hydrostatic pressure might lead to possible new applications in the enzymology field (Degraeve and Lemay, 1994; Mozhaev et al., 1996) through modulation of thermal stability (Athes et al., 1997) , activity (Kunugi, 1992; Kunugi et al., 1997) and specificity (Hayashi et al., 1987) of certain enzymes. These interesting results stress the importance of investigating effects of high pressure on a wide panel of enzymes. There are various experimental difficulties involved in studying enzyme activity under high pressure. First, starting of a reaction under pressure (i. e. mixing of enzyme and substrate) could not be realised without complex devices, apparatus such as stopped-flow (Balny et al., 1987; Kunugi et al., 1997) or others (Hamon et al., 1996; Hui Bon Hoa et al., 1990) . Second, even if the direct follow-up of reaction progress could be sometimes obtained with the observation of some spectroscopic variable (absorption, fluorescence,...) under pressure, this kind of method could not be applied to a large number of enzyme systems. Finally, when measurements (HPLC, CPG or other) can only be done after pressure release, sampling appears as difficult to carry out as starting of the reaction.
With simple devices and ordinary enzymatic systems, a classical method for determining reaction rates under pressure consisted in starting the reaction at atmospheric pressure and measuring the reaction progress after pressure release. The time lapses required to assemble or disassemble the high pressure device before and after pressurisation, are made as short as possible and neglected in the estimation of initial rate. In this case, initial rate measurement is inaccurate because the reaction keeps going on at atmospheric pressure during time lapses lasting sometimes for a few minutes. The importance of the error made could be very variable depending on whether pressure increases or decreases the reaction rate and on whether the delays are long compared to the incubation time.
This article proposes a precise and reliable alternative that does not require specific high pressure equipment. The method was tested with Aspergillus niger fructosyltransferase, an enzyme catalysing from sucrose the formation of fructo-oligosaccharides (1-kestose, nystose and fructosylnystose), molecules having beneficial health effects as functional food components (Ouarné and Guibert, 1995; Spiegel et al., 1994) .
Biotechnology Techniques, Vol 12, No 12, December 1998 , pp. 931-934 © 1998 Chapman & Hall Biotechnology Techniques ⋅ Vol 12 ⋅ No 12 ⋅ 1998 Materials and methods Enzyme The crude cell-free extract of fructosyl-transferase was prepared from Aspergillus niger ATCC 20611. The final enzyme solution of about 445 U/ml was used diluted 10 fold with deionized water without further purification. One fructosyl-transferase unit (U) is defined as the amount of enzyme that produces 1 mol 1-kestose per min under standard conditions (0.5 M sucrose in 0.1 M phosphate buffer at pH 5.5 and 40°C).
High pressure device
The experimental apparatus for high pressure experiments consisted in a hand-screw pump from Top Industrie (France) and of four home-made temperature controlled high-pressure 2.8 ml vessels (internal volume). The highpressure vessels could be operated isolated or simultaneously thanks to several sluice-valves. The pressure in each vessel was controlled using a pressure gauge (Top Industrie). The maximum operating pressure of the system was 700 MPa. Pressurisation fluid was water.
Experimental procedure
The pressure vessels were equilibrated at 40°C before use. The initiation of the reaction was performed under atmospheric pressure by addition of 100 l 10 fold diluted enzyme into the substrate solution (10 ml sucrose at different concentrations in phosphate buffer 0.1 M pH 5.5, unless otherwise stated). About 9 ml of reaction mixture was kept at atmospheric pressure (blank) and 1 ml was poured into a glass tube covered with Parafilm. The tube was set in the high pressure vessel and the desired pressure applied within less than 1 min. After incubation, pressure was released in less than 10 s. The assay solution was then placed in a stirred tube and the course of the reaction was followed for 6 more minutes at 40°C.
Reaction was stopped by heating 200 l of reaction mixture at 100°C for 10 min.
HPLC analysis
The transfructosylated product was quantified by HPLC analysis using anion-exchange chromatography on a DX-300 chromatograph system (Dionex). Separation was carried out in a Dionex Carbopac PA1 column (4 ϫ 250 mm) preceded by Dionex Carbopac PA1 Guard column. Elution was performed with 1 ml/min 150 mM NaOH and a concentration gradient of sodium acetate from 6 to 180 mM within 20 min. Detection was done by a pulsed electrochemical detector (PED-2) with a pH Ag/AgCl reference and a gold working electrode on which three potentials were applied alternately : E 1 ϭ ϩ0.1 V for 500 ms (electrode oxidation by the sample), E 2 ϭ ϩ0.6 V for 90 ms (electrode cleaning), E 3 ϭ Ϫ0.6 V for 60 ms (electrode reduction). The PED sensitivity was set at 10 C.
Reference samples of 1-kestose were provided by MeijiSeika Kaisha.
Volume parameters
The apparent volumes variations were calculated using the classical equations (Morild, 1981) :
where P is hydrostatic pressure in MPa, T the absolute temperature and R the gas constant (8.314 ml.MPa.mol
Results and discussion
Enzymatic measurements under pressure -Initial rate calculation The idea was to use the properties of linear product formation during the initial phase of the reaction (Fig.1) . The rate of product (1-kestose) formation was linear for over 30 min in our experimental conditions. A blank kept at atmospheric pressure allows product concentration estimation of the assay solution before the pressure is raised. In the same way, follow-up of the reaction after incubation allows extrapolation of product concentration just after depressurisation. The initial rate is then calculated by assuming that a) product evolution under pressure is linear, Figure 1 Product evolution during the time course of the reaction.
